Various factors affecting the yields of luteoskyrin, a hepatotoxic mycotoxin, and related pigments in the liquid medium were studied. Maximal yields of luteoskyrin (0.13% by isolation) and of other pigments were attained in the late phase of the cultivation. The yield of the pigment was increased by supplying malt extract, malonic acid, glutamic acid, or asparagine. A useful material for preparation of 'IC-labeled luteoskyrin was 2-'4C-malonate.
FeSO4, and 15 g of agar in 1 liter of deionized water) and incubated at 27 C until good sporulation was observed. The spores were washed from agar plates with sterile water and were vigorously shaken with glass beads (0.5 mm in diameter) to give a uniform suspension. The suspension was filtered through glass wool to remove mycelial hyphae and was used as an inoculum.
Culture. A 200-ml Erlenmeyer flask containing 50 ml of the Czapek liquid medium was sterilized for 20 min, and 104 to 101 conidia were inoculated in duplicate and incubated at 27 C for desired periods. After cultivation, the mycelium was washed with water and dried at 50 to 60 C overnight to measure the dry weight. To obtain preparative quantities of luteoskyrin, the spores were inoculated and incubated at 27 C for two weeks in 100 petri dishes (21 cm in diameter), each containing 20 ml of the above liquid medium.
In an experiment designed to test incorporation of '4C-labeled precursors into the pigments, the fungus was cultivated for 3 days at 27 C in a small tube containing 2 ml of the liquid medium supplemented with 10,c of the '4C-labeled compounds under investigation; after an additional 3 days of incubation, the mycelium was harvested. For the preparation of 14C-labeled luteoskyrin, the fungus was cultured in a Petri dish (9 cm in diameter) containing 20 ml of the liquid medium supplemented with 100 ,uc of 2-14C_ malonate on the 3rd day of the inoculation; the cultivation was continued for additional 11 days.
Extraction and separation of luteoskyrin and other pigments. To obtain the pigments, the dried mycelium was first extracted with n-hexane to remove the lipids and then extracted with acetone. The acetone-extracted pigments were separated on plates of silica gel G containing oxalic acid and were developed with acetone-n-hexane-water (6:3:1.5 Effects of nitrogen. The effects of nitrogen in various forms were investigated with sucrose as a carbon source. As shown in Table 2 , NaNO3, asparagine, glutamine, and malt extract were the preferred sources of nitrogen for the mycelial growth and the pigmentation, and they decreased the pigment formation. The addition of peptone, yeast extract, or Casamino Acid caused an increase in weight of mycelium and a decrease in yield of pigments.
Malonic acid and pigmentation. Since it was U-54C-Aspartic acid.7.6 U-54C-Glutamic acid.8.3
a Czapek medium (2 ml) was supplemented with 10 jsc of "4C-labeled compound on the 3rd day of the incubation; the cultivation was continued for an additional 3 days and the mycelium was analyzed. ' Czapek medium (20 ml) was supplemented with 100 isc of 14C-labeled compounds on the 3rd day of the incubation; the cultivation was continued for an additional 11 days and the pigments in the mycelium were analyzed. and succinic acids was found between the control medium and malonate-supplemented medium.
Incorporation of "4C-labeled compounds into luteoskyrin and related pigments. Uptakes of "4C-labeled compounds into mycelial lipids and pigments were examined. All of the compounds tested, except 2-14C-mevalonate, were incorporate into pigments more extensively than into lipids, and the incorporation into pigments was highest in cases of 2-'4C-malonate, U-'4C-aspartic acid and U-'4C-glutamic acid (Table 4) . Examination with larger amounts of the radioactive compounds indicated that 2-14C-malonate was incorporated into the isolated pigments and gave nearly the same specific radioactivity as skyrin, luteoskyrin, iridoskyrin, and rubroskyrin (Table 5 ). The total incorporation of 2-'4C-malonate into luteoskyrin was about 5 % of the radioactivity of added "Cmalonate. In the case of 5-'4C-glutamate, all five pigments were labeled, but the specific radioactivity of each pigment was much lower than those of 14C-malonate.
DISCUSSION
Relationship among the time of incubation, the growth of fungus, the consumption of sugar, and the yield of pigments was investigated. The content of sugar in the medium was rapidly decreased during the 1st week of the cultivation, and the maximal rate of the pigment formation in the mycelium took place at the late-logarithmic phase of the fungal growth.
Chromatographic analysis of the fungal pigments indicated that luteoskyrin and other quinoid pigments were synthesized in the mycelium PRODUCTION OF LUTEOSKYRIN of P. islandicum without any particular order. This finding suggested that the pigments were biosynthesized from a common precursor, in agreement with the finding of Gatenbeck (1) .
According to the experiments shown in Tables  1 and 2 , the best carbon source for growth of P. islandicum Sopp were carbohydrates such as fructose, starch, xylose, and glucose, and nitrogen materials such as malt extract, glutamine, or asparagine. The best inorganic nitrogen was sodium nitrate. Very meager growth of the fungus was observed with the use of mannitol, sorbitol, or organic acids as a sole carbon source.
Peptone, yeast extract, and Casamino Acid promoted the mycelial growth and decreased the pigment formation (Table 2 ). These materials presumably modify the characters of the fungus in the early stage of growth, because the decreased production of the mycelial pigment could not be restored even when the mycelium was returned to Czapek medium after 1 week of the cultivation.
The accelerating effects of glutamine and malonic acid on the pigment formation suggest them to be precursors of pigments. The incorporation of radioactive glutamic acid and malonic acid into pigments and the exhaustion of malonate added to the medium support the abovementioned assumption (Tables 4 and 5 ). A noteworthy finding is that luteoskyrin contained about 5% of the radioactivity of 14C-malonate added. High efficiency of the uptake indicates that the 2-14C-malonate is a useful material for preparation of "4C-labeled luteoskyrin.
